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(57)Abstract: 

PROBLEM TO BE SOLVED: To stably attain high hydroge nation rate in a shortened time in an industrial scale with a 
reduced amount of the catalyst as much as possible, when a conjugated diene polymer is hydrogenated by using a 
metal locene hydrogenation catalyst in a large reactor vessel. 

SOLUTION: When a conjugated diene polymer produced by using an organometallic compound of alkali (for example, 
n-propyllithium) as a polymerization initiator is hydrogenated over a metallocene hydrogenation catalyst, the catalyst 
is added in two or more portions to obtain the conjugated diene polymer of ≥98% hydrogenation rate. In a preferred 
embodiment, a reactor vessel of ≥10 m3 capacity is used, and the catalyst is added in 2-5 portions including th 
first addition where the catalyst is added at least once when the hydrogenation rate reaches 60-95%. The conjugat d 
diene for this diene polymer is preferably 1,3~butadiene or isoprene. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are n t translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The hydrogenation technique of the improved conjugated-diene system polymer which is characterized by 
adding catalysts for hydrogenation in 2 steps or more, and advancing hydrogenation in case the conjugated-diene 
syst m polymer which made the organoalkali metal compound the polymerization initiator and carried out the 
polymerization is hydrogenated using metallocene system catalysts for hydrogenation and the conjugated-diene 
syst m polymer of 98% or more of the rates of hydrogenation is obtained. 

[Claim 2] The hydrogenation technique of the improved conjugated-diene system polymer which is characterized by 
****ing catalysts for hydrogenation once or more in a claim 1 when the rate of hydrogenation of a conjugated-diene 
syst m polymer is 60% - 95%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the technique of contacting in hydrogen the 
conjugated-diene system polymer which made the organoalkali metal compound the polymerization initiator and 
carried out the polymerization using metallocene system catalysts for hydroge nation, and hydrogenating the doubl 
bond of a conjugated diene. Furthermore, in case the conjugated-diene system polymer of 98% or more of the rat s of 
hydrogenation is industrially obtained using three or more big 1m reaction containers in that case, it is related with the 
technique of hydrogenating economically stably for a short time, by dividing catalysts for hydrogenation into several 
order, and adding. 
[0002] 

[Description of the Prior Art] There is the characteristic feature of finishing the hydrogenation of the amount of said 
in a fewer amount under a milder condition if it compares with a nickel system catalyst when using for hydrogenation 
(it abbreviates to a hydrogenation below) of a polymerization object, a metallocene system catalyst has special 
unnecessary processing which removes a residual catalyst difference after a hydrogenation for this reason, and sine 
th r is the characteristic feature that processing which removes a residual catalyst difference is light, and ends 
when carrying out even if, it has often come to be used in recent years. However, since price has the problem are 

asy to lose activity highly and easily, conventionally, a metallocene system catalyst is high activity more, and th 
hydrogenation catalyst with a sufficient long-term-storage stability with easy how to deal with it was examined 
variously, and it has been proposed. For example, a specific titanocene compound and a specific alkyl lithium are 
combined. How to carry out the hydrogenation of the olefin compound (JP,61~33132,A, JP,1 -53851 ,A), the techniqu 
(JP.61 -28507 ,A — ) of combining with a metallocene compound, and organic aluminum, zinc and magnesium, coming 
out, and carrying out the hydrogenation of the olefin nature un saturation (**) polymerization object the technique 
(JP,61-47706,A — ) of carrying out the hydrogenation of the olefin nature unsaturation machine inclusion living 
polymer in the combination of No. 209103 [ 62 to ], a specific titanocene compound, and an alkyl lithium 
JP.63-5402.A, How to carry out the hydrogenation of the olefin nature double bond in the olefin nature unsaturation 
double bond inclusion polymer by the reactant which combined Tebbe reagent which are a titanocene compound and 
th ****** cycle compound of a trimethylaluminum, and the alkyl alkali metal compound (U.S. JP,5244980,B), How to 
combine a titanocene compound with the lithium ******** site of the specified amount, and carry out the 
hydrogenation of the olefin nature double bond in an olefin nature unsaturation double bond inclusion polymer 
(JP,1-275605,A), Technique, such as the technique (Japanese Patent Application No. 9-2521 80) of carrying out the 
hydrogenation of the conjugated-diene polymerization object by the system in which organoaluminium-compound 
others were made to exist by specific proportion, is proposed using the metallocene system hydrogenation catalyst. 
[0003] 

[Problem(s) to be Solved by the Invention] However, also in which such technique, when it was actually going to 
obtain the conjugated-diene system polymer of 98% or more of the rate of a high hydrogenation within three or mor 
big 1m reaction containers industrially, and hydrogenation conditions were changed by the temperature change etc. or 
it reduced for economical efficiency pursuit of the amount of the catalyst used, hydrogenation time was taken for a 
long time, and troubles — the polymer of the target rate of a high hydrogenation is not obtained greatly — arose. For 
this reason, enhancement of the hydrogenation technique for attaining a high hydrogenation stably industrially for a 
short time was desired by as few the amount of the catalyst used as possible. 
[0004] 

[M ans for Solving the Problem] As a result of inquiring zealously that the above-mentioned trouble of the 
conventional technique should be solved, when a hydrogenation is performed within such three or more big 1m 
reaction containers, dividing a hydrogenation catalyst into several order and adding, and by surely ****ing a catalyst 
once or more at the specific rate of a hydrogenation desirable especially, this invention persons find out industrially 
the technique of attaining the hydrogenation of the rate of a high hydrogenation, economically stably for a short tim , 
and came to accomplish this invention. 

[0005] Three or more big 10m reaction containers are preferably used for this invention still preferably three or mor 
[ 5m ] three or more [1m]. industrially The hydrogenation of the conjugated-diene system polymer which made the 
organoalkali metal compound the polymerization initiator and carried out the polymerization is carried out using a 
m tallocene system hydrogenation catalyst, adding a hydrogenation catalyst in 2 - 10 steps preferably twice or mor , 
and advancing a hydrogenation, in case the conjugated-diene system polymer of 98% or more of the rates of a 
hydrogenation is obtained — still preferably When the rate of a hydrogenation of a polymer is 60% - 95%, it is the 
hydrogenation t chniqu of the improved conjugated-dien system polymer which is charact riz d by ****ing a 
hydrogenation catalyst one or mor . 

[0006] Th aliphatic hydrocarbon alkali metal compound by which it is known that ther is g nerally anionic 
polymerization activity to a conjugated-diene compound, an aromatic-hydrocarbon alkali metal compound, an organic 
amino alkali metal compound, etc. are contained, and the organoalkali metal compounds used as a polymerization 
initiator by this inv ntion ar a lithium, sodium, a potassium, etc. as alkali metal. The compound which is the aliphatic 
seri s and the aromatic-hydrocarbon lithium compound of carbon numb rs 1-20, and contains one lithium in 1 
molecule as a suitable organoalkali metal compound, the dilithium compound which contains two or more lithiums in 1 
molecule, a ************ compound, and a t trapod lithium compound are contained. Specifically, th resultant of 
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the r sultant of n-propyl lithium, n-«HB lithium, sec-butyl lithium, tert-butyl lithiu^^B ntyl lithium, n~h xyl lithium, 
a b nzyl lithium, a phenyl lithium, a toTyTl lithium, and diisopropenylbenzene and sec-biffyl lithium, 1 [ little ], and 
3-butadiene etc. is furth r rais d with a divinylbenzene and sec-butyl lithium. 

[0007] The conjugated-diene syst m polym r of this invention contains 1 which has ol fin double combination which 
is the gay polymer of a conjugated di n , the copolymer of a conjugated dien which consists of two or mor sorts of 
conjugated dienes, and the copolymer of a conjugated diene and other monom rs which can be copolym rized, and 
originat s from a conjugated di n in this polym r, 4-polym r, 1, 2 or 3, and 4-polymer. As a conjugated diene, 1, 
3-butadiene, an isopr n , 2, th 3-dimethyl -1, 3-butadien , 1, 3-pentadiene, the 2-m thyl -1, 3-pentadi n , 1, 
3-hexadien , 4, the 5-diethyl -1, 3-****** dien , 3-butyl -1, 3-****** diene, tc. are mention d to the conjugat d 
dien and concrete target which have the carbon atom of carbon numbers 4-20. 1 [ **** / when obtaining the elastic 
body which could develop advantageously industrially and was excellent in physical properties ], 3-butadiene, and an 
isoprene are desirable. Moreover, a thing typical as a conjugated diene and other monomers which can be 
copolymerized is a vinyl aromatic compound. For example, styrene, alpha-methyl-styrene, p-methyl-styrene, 
divinylbenzene, 1, and 1-diphenylethylene, N, and N-dimethyl-p-aminoethyl styrene, N, and N-diethyl-p-aminoethyl 
styr ne etc. is raised, and they are styrene and an alpha methyl styrene preferably. These copolymers are 
randomness or a block copolymer. 

[0008] Although a hydrogenation is usually performed in an inert hydrocarbon solvent, as this inert hydrocarbon 
solv nt, it is the solvent of a conjugated-diene system polymer, and does not have a bad influence on a reaction in 
th case of hydrogenation. It is desirable that continue further at a polymerization and hydrogenation is performed in 
th same inert hydrocarbon solvent at this invention. The aromatic hydrocarbon like the alicyclic hydrocarbon lik for 

xample, n-butane, an isobutane, n pentane, n-hexane, n-heptane, the aliphatic hydrocarbon like n-octane, a 
cyclohexane, cycloheptane, and methyl cycloheptane and benzene, toluene, a xylene, and ethylbenzene can also use a 
suitable solvent under the selected hydrogenation condition only within the time of the hydrogenation of the aromatic . 
double bond not being carried out. Concentration of the conjugated-diene system polymer melted in this solvent is 
pref rably made into 10 - 30% of concentration five to 40%. It is not desirable in order for the load of the back proc ss 
which will separate a conjugated-diene system polymer and a solvent if this concentration is lower than 5% to become 
large, for viscosity to become high greatly preferably if it is the concentration exceeding 40%, and for miscibilities and 
heat-conducting characteristic, such as hydrogen and a hydrogenation catalyst, to fall, as a result to influence a 
hydrogenation reaction. 

[0009] As a ligand, the metallocene system hydrogenation catalysts used by this invention are organometallic 
compounds, such as titanium with an identity or two different cyclopentadienyl groups (substitute), a zirconium, and a 
hafnium, and are used with a desirable reducing organometallic compound, for example, an alkyl lithium, alkyl 
magnesium, alkylaluminum, a dialkylzinc, etc. Every technique is employable if it is the hydrogenation technique using a 
metallocene system compound as the hydrogenation technique. For example, a specific titanocene compound and a 
specific alkyl lithium are combined. How to carry out the hydrogenation of the olefin compound (JP,61-33132,A, 
J P, 1-53851, A), the technique (JP,61-28507,A — ) of combining with a metallocene compound, and organic aluminum, 
zinc and magnesium, coming out, and carrying out the hydrogenation of the olefin nature unsaturation (**) 
polymerization object the technique (JP,61~47706,A — ) of carrying out the hydrogenation of the olefin nature 
unsaturation machine inclusion living polymer in the combination of No. 209103 [ 62 to ], a specific titanocene 
compound, and an alkyl lithium JP.63-5402.A, How to carry out the hydrogenation of the olefin nature double bond in 
th olefin nature unsaturation double bond inclusion polymer by the reactant which combined Tebbe reagent which 
ar a titanocene compound and the ****** cycle compound of a trimethylaluminum, and the alkyl alkali metal 
compound (U.S. JP,5244980,B), How to combine a titanocene compound with the lithium ******** site of the 
specified amount, and carry out the hydrogenation of the olefin nature double bond in an olefin nature unsaturation 
double bond inclusion polymer (JP,1-275605,A), The technique of any **s, such as the technique (Japanese Patent 
Application No. 9-252180) of carrying out the hydrogenation of the conjugated-diene polymerization object using a 
m tallocene system hydrogenation catalyst by the system in which organoaluminium-compound others were mad to 
xist by specific proportion, may be used. Moreover, the technique which also doubled hydrogenation conditions with 
such a hydrogenation catalyst and which was written to each specification can be used. 

[0010] Such a hydrogenation catalyst is preferably divided into 2-10 times twice or more including 1 time of the 
beginning, and it adds in 2 - 5 steps still preferably. In this case, it divides into a minimum of 2 times, and preferably, 
when the rate of a hydrogenation of a polymer is 60% - 95%, it is very important to **** a hydrogenation catalyst one 
[ at least ] or more still preferably at 70% - 95% of the time. That is, if a hydrogenation is performed within three or 
more industrial 1m reaction containers using a metallocene system hydrogenation catalyst and the rate of a 
hydrogenation of a polymer polymer solution will rise with 60% - 95%, viscosity will also rise sharply, cooling capacity 
will get worse, and it will become easy to generate a local temperature rise. Especially a hydrogenation reaction is 
int nse exothermic reaction, and this inclination is remarkable. If a local temperature rise occurs, it will activate 
incr asingly, and the hydrogenation reaction of the fraction will cause the further generation of heat, and will trigg r 
the deactivation reaction of the catalyst which the activity of a hydrogenation catalyst finally loses. For this reason, a 
fall of a hydrogenation reaction and troubles — the polymer of the target rate of a high hydrogenation is not obtain d 
greatly — tend to arise as a result. This phenomenon of the more large-sized reactor is more remarkable, and is a big 
technical probrem at the time of performing a industrial production. However, when such a rate of a hydrogenation is 
r ached, by ****ing a catalyst, when required, the activity catalyst of a complement can be supplied, and it is enabl d 
to carry out a hydrogenation until it obtains the polymer of a rate of a high hydrogenation called 98% or more certainly 
[ in a short time ] and stably rather at least as all amount of the catalyst used by ****ing to multi-stage. Although it 
may activate it after the amount of [ first ] 1 st addition touches a hydrogenation catalyst with a polymer, as for a 
**** catalyst, it is d sirabl to add in the status to activate immediately in the hydrogen ambient atmospher after 
discovering hydrogenation activity at least. Although th catalyst of a part for first tim addition and post-addition 
may not be the sam object, th sam object of the hydrogenation catalyst of s v ral addition is more desirable from 
the simple nature of operation. Furthermor , op ration becom s complicated, and 2 to 10 times, it is not desirabl and 
js [ adding in 1 1 steps or mor is compatible in op rability, and catalyst luminous fficacy and hydrogenation certainty, 
and ] desirably desirable [ a thing / putting in in 2 - 3 steps still desirably ] 2 to 5 times. As th technique of 
distinguishing 70% - 95% of a time still pr ferably, you may distinguish on th basis of the index of what **s, such as 
measurement of the amount of survival of th double bond of a conjugated-dien system polymer by which th 
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hydrogenation was carried out, calc^^Bh from th used amount of hydrog n gas, iflA n pressur force chang in 
a hydrogenation contain r, and hydrd|5nation tim , th time of th rat of a hydrogerration of a polym r which is th 
catalyst **** stag being 60% - 95%. furthermore, the time of th rat of a hydrog nation of a polymer being 60% - 
95% — further — desirabl — 70% - 95% of a tim — th insid of a specific container — a batch typ or a 
continuity — and — or a hydrogenation is performed to a batch proc ss, a hydrogenation catalyst is ****ed and the 
hydrogenation of th r maining fraction may be p rform d to 98% within another container or piping Anyway, by 
dividing in this way and adding a hydrog nation catalyst, it is efficient, and moreov r, it is stable and a hydrog nation 
can b p rform d industrially certainly. In addition, th rat of a hydrogenation in this invention m ans the rate of a 
hydrogenation of th conjugated-di n unit included in a polymer. 
[0011] 

[Example] Although the following examples explain this invention concretely, this invention is not limited to these. Th 
synthetic example of each living polymer (A polymer and B polymer) used for the example was shown in the following 
xamples of a manufacture. 

[0012] After putting in 4.3t of cyclohexanes, and 0.20t of styrene monomers into the reactor with an agitator of 3 
1 16m of the examples of a manufacture, 4.8kg of 1 5%n-butyHithium solutions, tetramethylethylenediamine 0.62kg was 
added further, initial temperature was set as 70 degrees C, and the polymerization was carried out for 40 minutes 
under churning. Subsequently, 3.08t of the cyclohexane solutions which contain 1 and 3 butadiene monomer 30% was 
added, and they carried out the polymerization for 1 hour. Furthermore, 0.66t of the cyclohexane solutions which 
contain a styrene monomer 30% was added, and they carried out the polymerization for 40 minutes. The peak 
temperature at the time of a polymerization was 82 degrees C. The obtained living polymer (A polymer) was a 
styr ne-styrene-butadiene-rubber type living block polymer whose number average molecular weight it is 1 of 30% of 
combined-styrene contents, 30% of block styrene contents, and a butadiene unit, and 37% of 2-vinyl joint contents, 
and is about 230,000. 

[0013] After putting in 4.85t of cyclohexanes, and 0.33t of styrene monomers into the reactor with an agitator of 3 
216m of the examples of a manufacture, 22kg of 15%n-butyHithium solutions was added, tetramethylethylenediamin 
1 .7kg was added further, initial temperature was set as 70 degrees C, and the polymerization was carried out under 
churning for 30 minutes. Subsequently, 5.1 8t of the cyclohexane solutions which contain 1 and 3 butadiene monomer 
30% was added, and they carried out the polymerization for 45 minutes. Furthermore, 1.1 1t of the cyclohexane 
solutions which contain a styrene monomer 30% was added, and they carried out the polymerization for 30 minutes. 
Th peak temperature at the time of a polymerization was 85 degrees C. The number average molecular weight whos 
obtained living polymers (B polymer) are 1 of 30% of combined-styrene contents, 30% of block styrene contents, and a 
butadiene unit and 39% of 2-vinyl joint contents was the styrene-styrene-butadiene-rubber type living block polymer 
of abbreviation 61,000. 

[001 4] Hydrogenation catalyst manufacture was performed by the technique based on the technique of example 1 
JP.8-33846.A. namely, screw (cyclopentadienyl) ************-p-tolyl (TPM) 6kg — cyclohexane 526kg — it melts in 
insid and liquefied — 15% butyl-lithium solution after adding 1 and 2 polybutadiene 60kg — 7.1kg addition — furth r, 
add, and ethanol 0.6kg was made to react and was prepared as a hydrogenation catalyst (TPM/Li) On the other hand, 
as pretreatment of a hydrogenation, the cyclohexane which carried out refining xeransis was added, it adjusted to the 
cyclohexane solution of 1 1% of polymer concentration, and 0.8 equivalent mol part ethyl alcohol of n-butyl lithium 
which is a polymerization catalyst further was added to the living-polymer (A polymer) solution obtained in the 

xample 1 of a manufacture. The whole-quantity migration of this polymer solution was carried out 20m at the reactor 
with an agitator of 3. After setting up the inside of a reactor in initial temperature of 80 degrees C under churning, 
hydrogen gas replaced the inside of a reactor, and also it considered as the bottom of the hydrogen gas pressurization 
of 0.7MPas. Here, 20 ppm (TPM/Li) of the hydrogenation catalysts which prepared the point were added to the 
polymer weight on Ti weight criteria here, and the hydrogenation was started. The rate of a hydrogenation of the 
polymer seen from the consumption of hydrogen gas became 70% 23 minutes after, at this time, further, 20 ppm 
(TPM/Li) of hydrogenation catalysts were added on Ti weight criteria, and the hydrogenation was continued. It was 
99.9%, when the hydrogenation was ended and the rate of a hydrogenation of a polymer was measured by the NMR 
m thod, since the rate of a hydrogenation of the polymer seen from the consumption of hydrogen gas became 100% 
35 minutes after and the absorption to the polymer solution of hydrogen was also stopped. In addition, the highest 
attainment temperature in a hydrogenation was 95 degrees C. 

[0015] After pretreating the living-polymer (A polymer) solution obtained by the same technique as the example 1 of 
example of comparison 1 manufacture by the same technique as an example 1, the whole-quantity migration of it was 
carri d out 20m at the reactor with an agitator of 3. After setting up the inside of a reactor in initial temperature of 80 
degr es C under churning, hydrogen gas replaced the inside of a reactor and it considered as the bottom of the 
hydrogen gas pressurization of 0.7MPa. The hydrogenation catalyst (TPM/Li) prepared by the same technique as an 
example 1 was added so that it might be set to 40 ppm to a polymer weight on Ti weight criteria at this, and the 
hydrogenation was started. 65 minutes after, although there was a rate of a hydrogenation of the polymer seen from 
th consumption of hydrogen gas at 97%, since the absorption to the polymer solution of hydrogen had stopped 
mostly, the hydrogenation was ended. The rate of a hydrogenation of the last polymer by the NMR method was 96.8%. 
In addition, the highest attainment temperature in a hydrogenation was 100 degrees C. 

[0016] After having added the cyclohexane which carried out refining xeransis to the living polymer (B polymer) 
obtained in the example 2 of a manufacture and adjusting to the cyclohexane solution of 19% of polymer concentration 
as example 2 pretreatment, ethyl alcohol was added by 0.9 equivalent mol of n-butyl lithium. Subsequently, the 
whol -quantity migration of this polymer solution was carried out 20m at the reactor with an agitator of 3. After 
setting up the inside of a reactor in initial temperature of 80 degrees C under churning, hydrogen gas replaced the 
insid of a reactor, and also it consid r d as the bottom of th hydrogen gas pressurization of 0.7MPas. Th 
hydrogenation catalyst (TPM/Li) prepared by th same techniqu as an xample 1 was added in th r action 
container, and the hydrogenation was started so that it might be s t to 10 ppm to a polymer weight on Ti weight 
criteria. 35 minutes after, th rate of a hydrog nation of the polymer seen from the consumption of hydrogen gas 
b came 61%, the hydrogenation catalyst (TPM/Li) of the amount set to 5 ppm on Ti weight crit ria at this time was 
added, and the hydrogenation was continued. 40 minutes after, wh n the rat of a hydrog nation of th polymer se n 
from the consumption of hydrogen gas was 85%, 5 ppm was furth r added on Ti weight criteria, and th hydrogenation 
was continued. It was 99.8%, when th hydrog nation was nded and th rate of a hydrog nation of a polymer was 
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m asured by th NMR method, sinc|^Wrat of a hydrogenation of the polymer se m the consumption of 
hydrogen gas becam 100% 45 minutes after and th absorption to the polymer solution of hydrogen was also stopped. 
In addition, th highest attainm nt temperature in a hydrog nation was 90 degr es C. 

[001 7] After pretr ating th living-polymer (B polymer) solution obtain d by the sam technique as th exampl 2 of 
example of comparison 2 manufactur by th same t chniqu as an xampl 2, the wh I -quantity migration of it was 
carried out 20m at the reactor with an agitator of 3. After setting up the inside of a reactor in initial temp ratur of 80 
d grees C under churning, hydrogen gas replaced th inside of a reactor, and also it consider d as th bottom of th 
hydrog n gas pressurization of 0.7MPas. Furthermore, 20 ppm (TPM/Li) of the hydrog nation catalysts pr par d by 
the same techniqu as an xample 1 were add d to th polymer weight on Ti weight crit ria, and th hydrogenation 
was started. 105 minutes after, when the hydrogenation was ended and the rate of a hydrogenation of the last polymer 
by the NMR method was measured since the absorption to the polymer solution of hydrogen had stopped mostly 
although there was a rate of a hydrogenation of the polymer seen from the consumption of hydrogen gas at 85%, th 
rate of a hydrogenation was 85.1%. In addition, the highest attainment temperature in a hydrogenation was 95 degrees 
C. 

[0018] Hydrogenation catalyst manufacture was performed by the technique based on the technique of example 3 
Japanese Patent Application No. 9-252180. Added screw (cyclopentadienyl) titanium dichloride 5kg to cyclohexan 
70.1kg, and added 24.9kg of trimethylaluminum solutions 10%, and it was made to react after churning for 72 hours, 
and prepared as a hydrogenation catalyst (TC/TMAL) solution. On the other hand, after pretreating the same 
living-polymer (A polymer) solution by the same technique as an example 1 as having been obtained in the exampl 1 
of a manufacture, the whole-quantity migration was carried out 20m at the reactor with an agitator of 3. After setting 
up the inside of a reactor in initial temperature of 80 degrees C under churning, hydrogen gas replaced the inside of a 
r actor, and also it considered as the bottom of the hydrogen gas pressurization of 0.7MPas. Here, 30 ppm 
(TC/TMAL) of the hydrogenation catalysts which prepared the point were added to the polymer weight on Ti weight 
crit ria here, and the hydrogenation was started. The rate of a hydrogenation of the polymer seen from the 
consumption of hydrogen gas became 65% 20 minutes after, at this time, 20 more ppm (TC/TMAL) of hydrogenation 
catalysts were added on Ti weight criteria, and the hydrogenation was continued. 23 minutes after, when the rate of a 
hydrogenation of the polymer seen from the consumption of hydrogen gas became 80%, 1 0 more ppm (TC/TMAL) of 
hydrogenation catalysts were added on Ti weight criteria, and the hydrogenation was continued. Furthermore, after 

of hydrogenation start ] 27 minutes, when the rate of a hydrogenation of the polymer seen from the consumption of 
hydrogen gas became 90%, 1 0 more ppm (TC/TMAL) of hydrogenation catalysts were added on Ti weight criteria, and 
th hydrogenation was continued. It was 1 00%, when the hydrogenation was ended and the rate of a hydrogenation of 
a polymer was measured by the NMR method, since the rate of a hydrogenation of the polymer seen from the 
consumption of hydrogen gas became 100% 30 minutes after and the absorption to the polymer solution of hydrog n 
was also stopped. In addition, the highest attainment temperature in a hydrogenation was 98 degrees C. 
[0019] After pretreating the living-polymer (A polymer) solution obtained by the same technique as the example 1 of 

xample of comparison 3 manufacture by the same technique as an example 1 , the whole-quantity migration of it was 
carried out 20m at the reactor with an agitator of 3. After setting the inside of a reactor as 80 degrees C under 
churning, hydrogen gas replaced the inside of a reactor, and also it considered as the bottom of the hydrogen gas 
pr ssurization of 0.7MPas. Furthermore, 70 ppm (TC/TMAL) of the hydrogenation catalysts prepared by the same 
t chnique as an example 3 were added to the polymer weight on Ti weight criteria, and the hydrogenation was start d. 
There was a rate of a hydrogenation of the polymer seen from the consumption of the hydrogen gas of 30 minutes 
after at 91%, the absorption to the polymer solution of hydrogen was also stopped mostly, and the rate of a 
hydrogenation of the polymer by the NMR method was 91.0%. In addition, the highest attainment temperature in a 
hydrogenation was 1 02 degrees C. 

[0020] After pretreating the living-polymer (B polymer) solution obtained by the same technique as the example 2 of 

xample 4 manufacture by the same technique as an example 2, the whole-quantity migration of it was carried out 
20m at the reactor with an agitator of 3. After setting up the inside of a reactor in initial temperature of 80 degrees C 
under churning, hydrogen gas replaced the inside of a reactor, and also it considered as the bottom of the hydrog n 
gas pressurization of 0.7MPas. Furthermore, 15 ppm (TC/TMAL) of the hydrogenation catalysts prepared by the sam 
technique as an example 3 were added to the polymer weight on Ti weight criteria, and the hydrogenation was start d. 
The rate of a hydrogenation of the polymer seen from the consumption of hydrogen gas became 75% 25 minutes after, 
at this time, 5 more ppm (TC/TMAL) of hydrogenation catalysts were added on Ti weight criteria, and the 
hydrogenation was continued. 29 minutes after, when the rate of a hydrogenation of the polymer seen from the 
consumption of hydrogen gas was 88%, 5 more ppm (TC/TMAL) of hydrogenation catalysts were added on Ti weight 
crit ria, and the hydrogenation was continued. Furthermore, after [ of hydrogenation start ] 32 minutes, when the rate 
of a hydrogenation of the polymer seen from the consumption of hydrogen gas was 93%, 5 more ppm (TC/TMAL) of 
hydrogenation catalysts were added on Ti weight criteria, and the hydrogenation was continued. It was 99.9%, when 
th hydrogenation was ended and the rate of a hydrogenation of a polymer was measured by the NMR method, sine 
th rate of a hydrogenation of the polymer seen from the consumption of hydrogen gas became 100% 35 minutes aft r 
and the absorption to the polymer solution of hydrogen was also stopped. In addition, the highest attainment 
t mperature in a hydrogenation was 89 degrees C. 

[0021] After pretreating the living-polymer (B polymer) solution obtained by the same technique as the example 2 of 
xample of comparison 4 manufacture by the same technique as an example 2, the whole-quantity migration of it was 
carried out 20m at the reactor with an agitator of 3. After setting up the inside of a reactor in initial temperature of 80 
d gr es C under churning, hydrogen gas replaced the inside of a reactor, and also it considered as the bottom of th 
hydrogen gas pressurization of OJMPas. Furthermore, 30 ppm (TC/TMAL) of the hydrogenation catalysts prepared by 
th sam t chniqu as an exampl 3 w r add d to th polymer weight on Ti weight criteria, and th hydrogenation 
was start d. 70 minutes after, there is a rate of a hydrogenation of th polymer seen from the consumption of 
hydrogen gas at 89%, and the absorption to th polym r solution of hydrogen also stopped it mostly. Th rat of a 
hydrogenation of th polymer by th NMR method in this tim was 89.2%. In addition, th highest attainment 
t mp ratur in a hydrogenation was 98 degr es C. 

[0022] There is having collected the hydrog nation conditions of th above exampl s 1-4 and th examples 1-4 of a 

comparison and th result in Table 1. 

[0023] 
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TC/TMAL 


TPM/Li 
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TC/TMAL 


TC/TMAL 
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B 


A 


B 


A 
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A 
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m 




0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 






2 0 ppm 


1 0 ppm 


3 0 ppm 


1 5 Ppm 


4 0 ppm 


2 0 ppm 


7 O ppm 


3 0 ppm 


m 




7 0% 


6 1% 


6 5% 


7 5% 










® 




2 O ppm 


5 ppm 


2 0 ppm 


5 ppm 
















8 5% 


8 0% 


8 8% 










i . 






S ppm 


1 0 PPm 


5 ppm 










* 








9 0 % 


9 3% 


















1 0 ppm 


5 ppm 












3 5# 


4 5# 


3 0# 


3 55* 


6 5# 


1 05£ 


3 0# 


7 0# 




4 0 ppm 


2 0 ppm 


7 0 ppm 


3 0 ppm 


4 O ppm 


2 0 ppm 


7 0 ppm 


3 0 ppm 




9 9 • 9 96 


99. 8% 


10 0% 


9 9. 9% 


9 6. 8% 


8 5. 1% 


9 1.0% 


8 9. 2% 



[0024] 

[Effect of the Invention] In order that this invention may obtain the conjugated-diene system polymer of 98% or mor 
of the rates of a hydrogenation industrially using three or more big 1m reaction containers, in case a hydrogenation is 
carried out using a metal locene system hydrogenation catalyst, it is dividing a hydrogenation catalyst into several 
order and adding, and offers the industrial very advantageous technique of carrying out a hydrogenation certainly 
stably in the few amount of hydrogenation catalysts for a short time. 
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E 






& ppm 


1 Opp™ 


5 ppm 










eg 








9 0% 


9 3% 
















1 0 ppm 


5 ppm 












3 5# 




30# 


3 5# 


6 5# 


1 0 5£ 


30# 


7 0# 


Total tt&&Aa& 


4 O ppm 


2 9 ppm 


7 O ppm 


3 O ppm 


4 0 ppm 


2 0 ppm 


7 0 ppm 


3 0 ppm 




9 9- 9% 


9 9. 8% 


10 0% 


9 9. 9% 


96. 8% 


8 5. 1 % 


9 1.0% 


8 9. 2% 



***fi7K^t:^na^^A^^^fflV\ 270MHz, iH-NMR K/u«:»CiBJ&, 



[0 0 2 4] 



»«iiij*;ii«miii«Ka[3tt iti3#i^ 



F^ — 4J011 HA03 HB22 

4J026 HA06 HA07 HA08 HA26 HA32 

HB14 HB15 HB16 HB49 HC06 

HC07 HC08 HE02 
4J100 AS01P AS02P AS03P CA01 

HA04 HB02 HD22 HE14 HE41 

HG03 



